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PREFACE 


The  Kelletc  Aircraft  Corporation,  with  the 
sponsorship  of  the  U.  S.  Array  Transportation  Research 
Coomand,  Fort  Eustis,  Virginia,  has  conducted  a  research 
program  under  Contract  No.  DA  44- 177-TC-b43  to  evaluate  a 
helicopter- fuselage-tnounted  static  electricity  discharging 
system.  The  principal  investigator  has  been  Mr.  Juan  de  la 
Cierva  and  the  cognizant  TRECOM  project  officer  was 
Mr.  S.  Blair  Poteate,  Jr. 

This  research  conducted  from  January  to  July 
1962,  was  the  continuation  of  successful  research  of 
helicopter  static  electricity  discharging  systems  con¬ 
ducted  under  Contract  No.  DA  44-177-TC-7Z8  from  June  to 
Deceiver  1961  under  sponsorship  of  the  U.  S.  Army  Trans¬ 
portation  Research  Comaand. 

Flight  tests  were  conducted  by  the  Army  Aviation 
Office  at  Edwards  Air  Force  Base,  California,  during  April 
and  May  1962. 

The  cooperation  of  the  Army  aviation  personnel 
pursuant  to  the  completion  of  this  program  and  the 
assistance  of  the  Thompson -Ramo- Wooldridge  Corporation 
in  providing  a  DC  generator  are  hereby  acknowledged. 
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SUMMARY 


A  static  electricity  discharging  system,  Known  as 
the  dynamic  neutralizer,  has  been  designed,  built  anu  iliglu^ 
tested,  and  the  results  are  presented  herein.  1  h.e  dynamic 
neutralizer  had  been  previously  tested  in  a  rotor-blade- 
mounted  version  as  reported  in  Reference  1.  The  program 
discussed  in  the  present  report  was  concerned  witii  the  eval¬ 
uation  of  this  discharger  when  installed  in  tlie  fuselage  of 
an  Army  H-37  helicopter. 

The  test  data  confirm  that  the  principle  of 
operation  of  the  dynamic  neutralizer  is  not  affected  by 
locating  the  entire  device  in  the  fuselage. 

The  dynamic  neutralizer  utilized  in  this  program 
was  tested  with  generator  voltages  up  to  bO  kilovolts. 

With  this  voltage,  the  H-37  helicopter,  operating  under  the 
natural  charging  conditions  prevailing  at  the  test  site, 
was  discharged  to  a  minimum  energy  level  of  3.4  millijoules 
from  the  estimated  1000  millijoules  present  in  the  helicopter 
before  the  discharger  was  put  into  operation.  It  appears, 
however,  that  better  performance  will  be  required  for 
operational  purposes.  It  is  reconmended ,  therefore,  that 
further  research  be  conducted  toward  achieving  the  required 
performance . 

Several  problems  arose  in  the  electrical  operation 
u".ed  for  these  tests.  However,  data  in  sufficient  quantity 
have  been  obtained  for  the  purpose  of  evaluating  the  system 
capabilities  and  the  performance  of  corona  points. 
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CONCLUSIONS 


The  evaluation  of  the  data  obtained  in  this  program 
resulted  in  the  following  conclusions: 

1.  The  dynamic  neutralizer  static  electricity  dis¬ 
charging  system,  in  the  configuration  tested  in  the  present 
program,  and  under  the  natural  charging  current  conditions 
prevailing  at  the  test  site,  reduces  the  e lec t rostat ic  energy 
stored  in  the  helicopter  from  a  level  of  IJJD  mlllijoulea 
down  to  a  minimum  level  of  3,4  nii  1 1  i  j ou les  .  Improved  per¬ 
formance  may  be  required  for  operational  use  according  to 
objectives  set  forth  in  References  1  and  3. 

2.  The  performance  of  the  discharging  device  used 
for  this  program  could  be  improved  by  increasing  the  corona 
point  length  in  the  tail-mounted  corona  point  configuration. 

An  extrapolation  of  the  data  indicates  that  the  dynamic 
neutralizer,  oferatirig  at  80  kilovolts  and  using  5-foot-long 
tail-mounted  points,  would  decrease  the  electrostatic  level 
on  the  helicopter  to  0.35  millijoule  with  a  2-4  microampere 
charging  condition. 

3.  The  dynamic  neutralizer  provides  a  method  of 
sensing  the  presence  of  electrostatic  charge  on  the  aircraft, 
by  measuring  the  differential  current  flowing  through  the 
two  high-voltage  corona  points  of  the  device. 

4.  A  high-voltage  corona  point  operating  at 
voltages  of  60  kilovolts,  and  installed  24  inches  aft  of  the 
exhaust  nozzle  of  an  H-37  engine,  can  generate  a  discharging 
current  up  to  29  microamperes. 

5.  Information  has  come  to  the  attention  of  this 
Contractor  during  the  performance  of  this  contract  that 
natural  charging  currents  up  to  30  microamperes  have  been 
measured  in  certain  geographic  areas  of  operational  interest 
for  large  helicopters.  In  addition,  natural  charging  currents 
up  to  22  microamperes  have  been  measured  with  the  H-37  helicop¬ 
ter  operating  below  ten  feet  at  Edwards  Air  Force  Base,  whereas 
at  higher  altitudes  (25  feet)  the  natural  charging  current 
reaches  only  2  to  4  microamperes.  The  dust  and  sand  recircu¬ 
lation  through  the  rotor  disc  at  lower  altitudes  seems  to 
account  for  the  resultant  increased  natural  charging  current. 

These  facts,  in  conjunction  with  the  results  of 
the  measurements  performed  on  the  fuselage-mounted  dynamic 
neutralizer,  leads  to  the  conclusion  that  the  discharging  con- 
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figuration  tested,  in  a  fuse  lage -mounted  version,  will  not 
provide  complete  protection  from  electrostatic  charge  under 
all  conditions  that  will  be  encountered  with  helicopter 
operat ions  . 

6.  Further  research  is  required  to  obtain  a  dis¬ 
charging  system  commensurate  with  anticipated  operational 
needs  . 
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I.  INTRODUCTION 


Experience  has  shown  that  the  accumulation  of  static 
electricity  ser ious ly  affects  the  ope rational  capabilities  of 
helicopters.  The  topic  of  electrostatic  discharging  has  become, 
therefore,  of  increased  interest  in  recent  years.  This 
interest  was  furthered  by  the  U.  S.  Army  Transportation 
Research  Conxnand  which  has  sponsored  a  number  of  research 
programs  designed  to  increase  the  knowledge  of  electrostatic 
charging  and  discharging  phenomena.  The  results  of  one  of 
these  programs  is  reported  in  Reference  1.  The  research  of 
Reference  1  concerned  the  design  and  flight  test  of  a  rotor- 
blade-mounted  discharger  whicli  successfully  reduced  the 
electrostatic  energy  accumulating  In  an  H-37  helicopter  to 
an  acceptable  level.  These  tests  were  performed  at  Edwards 
Air  Force  Base,  California,  under  natural  charging  current 
in  the  range  of  2  microamperes.  The  discharger,  called 
the  dynamic  neutralizer,  utilized  active  corona  points 
mounted  on  the  rotor  blades  together  with  two  20-kilovolt 
LC  generators. 

Because  of  a  number  of  practical  reasons,  it  was 
considered  desirable  to  locate  the  entire  discharging  system 
in  the  helicopter  fuselage.  The  U.  S.  Army  TRECOM,  there¬ 
fore,  sponsored  a  follow-on  program  with  the  objective  of 
evaluating  the  feasibility  and  performance  of  a  fuselage- 
mounted  dynamic  neutralizer.  The  present  report  presents 
the  results  of  this  latter  program. 
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II. 


DISCUSSION  OF  THE  PROBLEM 


A.  INTRODUCTION 


The  program  described  hert'in  consists  of  the  design 
and  test  of  a  static  electricity  discharger  known  as  the 
dynamic  neutralizer.  Figure  1  is  a  photograph  of  the  test 
aircraft  parked  on  the  ramp  at  Edwards  Air  Force  Base  and 
Figure  2  shows  the  aircraft  during  one  of  the  test  fliglUs. 

A  similar  device  installed  in  the  rotor  blades  of 
the  same  type  of  aircraft  was  tested  previously  as  reported 
in  Reference  1.  The  principle  of  operation  of  the  dynamic 
neutralizer  is  described  in  detail  in  Reference  1  and,  hence, 
need  not  be  repeated  here. 

The  data  presented  in  Reference  1  indicated  that 
the  performance  of  the  dynamic  neutralizer  is  highly  depen¬ 
dent  on  the  air  flow  around  the  corona  points.  It  was 
realized  that  the  placing  of  corona  points  at  any  location 
on  the  fuselage  would  result  in  substantially  reduced 
velocities  compared  to  those  obtainable  with  rotor-blade- 
raounted  probes.  It  was  anticipated  that  the  resulting 
performance  decrease  of  the  discharger  could  be  compensated 
for  by  a  suitable  increase  of  generator  voltages.  Since  no 
adequate  theory  existed  on  the  effect  of  air  velocity, 
generator  voltage  and  other  pertinent  parameters  on  the  per¬ 
formance  of  the  discharger,  certain  assumptions  had  to  be 
made  for  the  determination  of  the  design  magnitudes.  These 
assumptions  are  discussed  subsequently  in  more  detail. 


B.  PROGRAM  OBJECTIVES 


The  objectives  of  this  program  were  twofold: 

1.  To  design,  build  and  test  a  fuselage-mounted 
system  to  discharge  an  H-37  helicopter,  generating  a 
natural  charging  current  of  20  microamperes,  to  an  energy 
level  below  1  millijoule.  This  energy  level  is  considered 
to  be  satisfactory  in  accordance  with  References  1  and  3. 

2.  To  obtain  adequate  test  data  to  evaluate  the 
importance  of  several  design  parameters  on  the  performance 
of  the  dynamic  neutralizer  and  its  components. 

The  parameters  investigated  were: 
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FIGURE  1:  THE  H-37  TEST  HELICOPTER 


the  H-37  test  helicopter  IN  FLIGHT 


1.  Corona  point  location 

2.  Corona  point  length 

3.  Generator  voltage. 


To  achieve  the  test  objectives,  twelve  different 
corona  point  probe  configurations  were  investigated.  These 
configurations  consisted  of  four  locations  and  three  probe 
lengths  for  each  location. 

Figure  3  illustrates  the  location  of  the  probes 
in  the  test  aircraft.  The  following  reasons  dictated  the 
selection  of  the  four  chosen  locations: 

1.  Nose  Location 


The  possibility  of  studying  the  interaction 
between  corona  points  was  the  principal  argumc^nt  favoring 
this  configuration.  The  nose  location  satisfied  the 
additional  requirement  of  being  synmetrical  with  respect 
to  the  aircraft  geometry. 

2.  Engine  Cowling  Location 

This  configuration  should  provide  a  minimum 
of  interference  between  both  corona  points,  due  to  the 
large  distance  between  them,  while  at  the  same  time 
satisfying  the  requirement  of  being  beyond  the  reach  of 
ground  personnel. 

3.  Tall  Location 


This  location  was  chosen  because  it  lies  in  a 
region  of  high  rotor  downwash  air  speed.  This  air  speed  was 
on  the  order  of  100-200  feet  per  second  as  estimated  in 
Reference  2. 

4.  Engine  Exhaust  Location 

The  objective  in  choosing  this  location  was  to 
utilize  the  exhaust  gas  speed  to  increase  the  corona  point 
performance.  No  exact  data  on  the  actual  gas  speed  on  the 
corona  point  was  obtained,  but  this  speed  is  estimated  to 
be  in  the  range  between  100  and  300  feet  per  second  depending 
on  the  distance  of  the  probe  aft  of  the  exhaust  nozzle. 

It  should  be  noted  that  all  of  these  locations 
satisfied  the  requirement  of  being  beyond  the  reach  of  ground 
personnel. 
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Figures  4  and  5  are  photographs  of  the  tail  and 
engine  exhaust  corona  point  installations,  respectively. 

Figure  4  shows  the  3-foot  long  corona  point,  while  Figure  5 
shows  the  point  installed  4  feet  aft  of  the  e: haust  nozzle. 

The  range  of  corona  point  length  chosen  for  this 
program  was  between  2  and  4  feet.  Sparking  between  the 
point  and  the  helicopter  fuselage  dictated  the  lower  limit 
of  this  raiife^,  whereas  the  upper  limit  was  chosen  because 
of  practical  corona  point  size  considerations. 

In  order  to  determine  the  effect  of  the  corona 
point  operating  voltage  on  the  performance  of  the  discharging 
system,  the  high-voltage  generator  was  designed  with  provisions 
to  adjust  its  output  voltages  between  20  and  80  kilovolts*. 

The  design  of  the  units,  which  will  be  described  in  the  next 
section  of  this  report,  was  such  that  any  voltage  change 
affected  simultaneously  both  high-voltage  outputs.  In  this 
manner,  the  balance  of  the  dynamic  neutralizer  was  automati¬ 
cally  maintained  through  the  operative  range  of  the  instrument. 

The  importance  of  the  previously  mentioned  param¬ 
eters  on  the  systen^  performance  was  evaluated  in  terms  of  the 
energy  level  remaining  in  the  aircraft  for  a  given  discharger 
configuration.  The  energy  is  measured  according  to: 

W  -  (1) 

where 

W  is  the  helicopter-stored  electrostatic  energy, 
in  joules 

C  is  the  helicopter  capacitance,  in  farads 

V  is  the  helicopter-to-ground  voltage,  in  volts. 

The  energy  stored  in  the  helicopter  is  a  quantity 
that  is  difficult  to  measure.  But  as  noted  from  Equation 
(1),  the  energy  level  for  a  given  capacitance  can  also  be 
determined  by  the  voltage  remaining  in  the  aircraft.  The 
data  of  Reference  1  show  that  an  H-37  helicopter  hovering 
at  23  feet  has  a  capacitance  of  approximately  670  micro-micro 
farads.  It  follows  from  Equation  (1)  that  the  voltage 
corresponding  to  1  millijoule  of  stored  energy  is  equal  to 
1645  volts.  This  voltage,  therefore,  was  considered  to  be 
the  maximun  satisfactory  level  of  helicopter-to-ground 
potential. 
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FIGirRE  4:  CORONA  POINI  MOUNTED  ON  THE  TAIL  OF  THE 
H-J7  lEST  HELICOPTER 


During  the  flight  test  program,  cons  iderafi  le  atten¬ 
tion  was  given  to  the  measurement  of  the  performance  (current 
vs.  voltage)  of  corona  points.  One  reason  for  this  attent.jn 
was  the  fact  that  the  j^erformance  of  the  dynamic  neutral! 
w’as  expectciJ  to  be  i  fLincCion  at  the  corona  point  curron:  i 

well  as  the  slope  of  tlie  curve  ot  corona  point  Vk>lt.ige  vs. 
current  for  every  e  on  f  igurat  ion  and  operat  ing  volttige.  In 


addition,  Reference  j,  published  alter  thi  start ing  uate  i' 
the  present  contract,  report  natural  charging  currents  up 
to  ’)0  microamperes  for  11- J7  aircraft  operated  at  Fort  (.ree 
Alaska,  in  snow- laden  atmosphere.  This  implies  that  any 
static  electricity  discharger  designevi  to  reduce  the  heli¬ 
copter  voltage  to  a  satisfactory  value  for  the  above  level 


lev 


i.  iJc&uuLcii.  ^  I  la  I.  ^  X  i  I  ^  y  iiiLiox  iidvks  v^v^Lkjiici  puxiix^  wxuii  cl  c  u  cl  x 

discharging  capability  of  50  microamperes  or  higher.  Hence 
the  investigation  of  corona  point  performance  was  by  itself 
considered  of  great  importance  for  future  static  discharger 
research . 


C.  TEST  EQUIPMENT 

1 .  Dynamic  Neutralizer 

The  results  of  the  test  data  presented  in 
Reference  1  showed  that  the  performance  of  the  corona  points 
is  dependent  on  two  major  factors: 

a.  Local  air  speed 

b.  Generator  voltage. 

In  addition,  the  performance  of  the  dynamic 
neutralizer  system  ii  iffected  by  the  electrostatic  field 
created  by  the  cha 'gc-.  aircraft  in  the  vicinity  of  the  corona 
point  as  well  as  by  . ae  natural  charging  current. 

As  pointed  out  previously,  the  locating  of  the 
corona  points  on  the  fuselage  results  in  a  reduction  of  air 
speed.  In  addition,  the  level  of  natural  charging  current 
that  was  to  be  eliminated  was  specified  as  20  microamperes. 

To  compensate  for  the  resulting  corona  point  performance, 
the  generator  voltage  was  to  be  increased  and  the  points  were 
to  be  located  in  a  lower  aircraft  electrostatic  field.  Since 
no  theory  was  available  for  determining  the  required  design 
magnitude  of  the  generator  voltage,  the  assumption  was  made 
that  all  parameters  affect  the  performance  of  the  dynamic 
neutralizer  in  a  linear  manner.  The  generator  voltage  mag¬ 
nitude  was  approached  as  shown  below: 
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Parameter 

Ref.  1 
Va  lue 

Des Ign 
Va  lue 

Voltage  Design 
Factor 

Air  Speed  (ft. /sec.) 

400 

150 

2.67 

Corona  Point  (ft.) 

1 

4 

0.25 

Natural  Charging 

Current  (microamperes) 

2 

20 

10.00 

Aircraft  Field  0.50  (EstiaiaLed) 


The  required  voltage  was  obtained  by  multiplying 
the  voltage  used  in  Reference  1  (20  kilovolts;  by  the 
resulting  voltage  design  factor.  The  voltage  design  tactor, 
V.D.F.,  is  given  by 

V.D.F.  -  (2.67)(0.25)(10.0) (0.5)  -  3.3A 

Consequently  tne  required  voltage  for  the  generators  used  in 
this  program  was  66.8  kilovolts.  Actually,  a  design  value 
of  80  kilovolts  was  chosen. 

Construction  of  the  dynamic  neutralizer  is  in 
accordance  with  Figure  6,  an  electrical  schematic  diagram 
of  the  dynamic  neutralizer.  In  addition,  spare  parts  of 
the  discharging  unit  were  procured  and  assembled  as  a  spare 
unit.  The  primary  circuit  is  a  standard  saturated  transformer 
type  transistorized  oscillator,  designed  to  operate  at  24-28 
volts,  DC  Input.  The  secondary  winding  of  the  transformer 
was  designed  to  supply  a  maximum  peak  voltage  of  40  kilovolts. 
The  transformer  output  was  fed  Into  two-vo Itage-doub 1 ing  cir¬ 
cuits  connected  with  opposite  polarity,  giving  an  80-kilovolt 
maxlnHim  DC  output  at  150  microamperes. 

The  design  of  the  high-voltage  units  has  the 
following  characteristics: 

a.  The  positive  and  negative  outputs  are  Identical 
by  design,  due  to  the  fact  that  both  are  powered  by  the  same 
AC  source.  The  load  resistance  Is  chosen  In  such  a  manner 
that  the  reverse  leakage  current  In  the  rectifying  elements 
Is  at  least  one  order  of  magnitude  lower  than  the  load  current 
thus  Insuring  identical  voltages  In  both  positive  and  negative 
outputs . 
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FIGURE  6;  DYNAMIC  NEUTRALIZER  SCHEMATIC  DIAGRAM 
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b.  The  output  voltage  can  be  adjusted  betveen  20 
and  80  kilovolts  by  use  of  a  variable  resistor  located  in  the 
connion  path  of  the  transistor  feedback  current.  The  power 
requirements  of  the  control  potentiometer  are  sufficiently 
low  to  permit  the  use  of  a  simple  and  inexpensive  omponent 
to  perform  the  control  function. 

c.  The  design  of  the  secondary  circuit  is  such 
that  one  of  the  sides  of  the  high-voltage  winding  of  the 
transformer  is  very  close  to  ground  potential.  In  this 
manner,  the  isolation  requirements  imposed  on  the  transformer 
high-voltage  winding  are  very  moderate  in  the  low-voltage 
side  of  the  coil,  thus  simplifying  the  manufacture  of  the 
hi.gh  -voltage  transformer. 

Both  the  high-voltage  transformer  and  the  complete 
voltage  doubling  circuits  were  encapsulated  in  transparent 
silicon  rubber.  The  encapsulating  agent  used  was  the 
General  Electric  LTV-602  Clear  Silicon  Potting  Compound. 

The  dielectric  strength  of  this  material  is  75  kilovolts 
per  one  tenth  of  an  inch  (ASTM  Method  D-176,  60  cycle, 

1000  v/sec.  rise,  0.5"  spherical  electrode),  and  this  figure 
was  used  for  the  design  of  the  unit  together  with  a  suitable 
safety  factor. 

The  operation  of  the  high-voltage  generators  during 
the  test  program  was  far  from  satisfactory.  A  continued 
succession  of  failures  hindered  the  process  of  flight  testing 
of  the  system.  All  of  the  failures  were  located  on  the  high- 
voltage  doubler  circuits  and  were  generally  due  to  insulation 
failures,  although  the  subsequent  sparks  in  the  circuit 
created  transients  leading  to  component  (diode  and  capacitor) 
failures . 


The  reason  for  the  insulation  breakdown  is  not 
fully  understood  at  this  time.  One  explanation  of  this 
phenomenon  appears  to  be  the  following: 

Due  to  the  low  mechanical  rigidity  of  the  potting 
compound,  together  with  the  relatively  high  vibration  level 
at  which  the  unit  was  operated,  a  thin  layer  of  air  could 
form  around  the  encapsulated  components.  This  would  happen 
if  the  components  are  not  properly  bonded  to  the  potting  com¬ 
pound.  The  resultant  gas  jacket  would  provide  a  path  to 
initiate  a  spark,  and  the  ozone  and  subsequent  high-voltage 
transients  would  complete  the  circuit  failure.  The  fact  that 
the  units  were  laboratory  tested  at  full  rating,  and  after¬ 
wards  the  maximum  attainable  voltage  had  to  be  reduced  as  the 
testing  progressed,  appears  to  support  the  preceding  hypothesis. 
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However,  it  is  believed  that  only  a  complete  laboratory 
investigation  and  further  testing  will  provide  a  conclusive 
answer  for  the  reasons  of  the  experienced  failures. 

2.  Test  Instrumentation 


Table  1  lists  the  test  equipment  which  has  been 
used  for  this  program.  Figure  7  is  a  photograph  of  the 
instrumentation  setup  as  installed  in  the  aircraft. 

As  mentioned  previously  the  basic  measurements 
to  be  obtained  in  the  test  program  consisted  of  the  voltage 
of  the  H“37  helicopter  equipped  with  an  operating  dynamic 
neutralizer.  In  addition,  part  of  the  test  program  was 
directed  toward  measuring  the  current  discharging  capability 
of  twelve  geometrically  different  corona  point  configurations 
operating  at  voltages  up  to  80,000  volts.  Equipment  problems 
limited  the  actual  testing  to  a  maximum  voltage  of  60.000 
volts. 

The  operation  of  the  dynamic  neutralizer  was 
monitored  by  measuring  and  recording  the  aircraft-to-ground 
voltage  with  the  unit  in  operation.  The  range  of  interest  in 
the  voltage  readings  was  0  to  10,000  volts  because  any  voltage 
above  10  kilovolts  implies  a  clearly  hazardous  situation,  as 
discussed  in  References  1  and  3.  The  input  impedance  of  the 
voltmeter  was  lOl^  ohms.  This  figure  is  at  least  one  order 
of  magnitude  higher  than  the  equivalent  impedance  of  the 
helicopter  static  electricity  generation  process.  This 
insures  voltage  readings  of  accuracy  of  more  than  907,, 
which  is  believed  to  be  sufficient  for  the  goals  of  this 
program.  The  voltmeter  used  (Keithley  Model  200)  was 
equipped  with  recorder  terminals.  This  output  was  used  to 
obtain  records  of  the  helicopter  voltage. 

Figure  8  describes  the  test  circuit  utilized 
to  measure  corona  point  performance  using  the  ui.it  built  under 
the  present  contract.  The  highest  voltage  reached  with  this 
unit  was  46  kilovolts.  Figure  9  describes  the  circuit  used 
to  measure  the  corona  point  performance,  using  a  NJE,  120- 
kilovolt  DC  generator  or  Spellman  60-kilovolt  generator. 

Figure  10  is  a  schematic  diagram  of  the  circuit 
utilized  to  measure  the  performance  of  the  dynamic  neutralizer. 
Two  twin  channel  recorders  were  used  in  this  tes::ing  with  the 
following  channel  assignments: 

Channel  A  Positive  high-voltage  generator  current. 

Channel  B  Negative  high-voltage  generator  current. 
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TABLE  1 


LIST  OF  THE  FLIGHT  TEST  INSTRUMENTATION 


Quantity 

Description 

Make 

Model 

2 

Direct  writing,  2  channel 
recording  oscillograph 

Brush 

Instruments 

BL-221 

1 

Dual  channel  DC  amplifier 

Brush 

Instruments 

BL-928 

2 

Universal  amplifiers 

Brush 

Instruments 

BL-520 

1 

Electrometer  voltmeter 

Keithley 

Instruments 

200 

1 

Voltage  divider 

Keithley 

Instriiments 

2007 

1 

High-voltage  DC  power 
supply 

Spellman  High 
Voltage  Co. 

LAB-60-PN 

1 

High-voltage  power  supply 

N  J  E 

H-80 

2 

Microammeters ,  D-lOO  A 

Weston 

Instruments 

961 

1 

Mlcroasneter ,  20-0-20  A 

Weston 

Instruments 

201/301 

i  lGLrRt  7:  THE  TEST  INSTRUMENTATION  ABOARD  THE  H-37 
TE  T  HELICOPTER 
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-  HLUCOPTLA  FUSE.LAGL 


CURRENT  POLARITY  CONVENTION 

Arrows  indicate  direction  of  electron 
flow.  Therefore,  a  positive  value  of 
Ij^  results  in  a  positively  charged 
Helicopter. 


FIGURE  9:  TEST  CIRCUIT,  CORONA  POINT  PERFORMANCE 
MEASUREMENT,  NJE  UNIT  OR  SPELLMAN  UNIT 


Channel 


Channel  D 


This  channel  was  used  in  two  different  modes: 

a.  Natural  charging  current  recording,  and 

b.  Differential  current  between  the  positive 
and  the  negative  high-voltage  generators. 

A  switch  on  the  control  panel  together  with 
a  high-voltage  terminal  interconnecting 
network  were  used  to  permit  the  test  circuit 
to  record  in  either  mode. 

To  read  natural  charging  current,  the  DIF-NC 
switch  was  thrown  to  NC  (natural  charging)  and 
the  following  high  voltage  connections  were 
made  on  the  interconnecting  network: 

D  lead  to  H  lead 
C  lead  to  C  lead 

G1  lead  to  HI  lead,  temporarily,  as  shovTi  in 
Section  D,  "Experimental  Procedure", 

In  this  manner,  the  aircraft  natural  charging 
current  was  being  released  to  ground  through 
the  Ml  microanoroeter  and  the  R1  resistor.  The 
voltage  drop  at  R1  was  the  input  signal  of  the 
Channel  C  recording  amplifier .  When  the  dynamic 
neutralizer  was  turned  on,  Channel  C  was  used  to 
record  the  discharger  differential  current.  The 
DIF-NC  switch  was  turned  to  DIF  (differential 
current)  and  the  following  connections  were  made 
in  the  interconnecting  network: 

D  lead  to  G  lead 
C  lead  to  H  lead 

G1  lead  to  HI  lead,  temporarily,  as  shown  in 
Section  D,  "Experimental  Procedure",  In  this 
manner,  the  difference  between  the  currents  on 
the  positive  and  negative  generators  was  flowing 
through  the  microanmeter  Ml  and  the  resistor,  Rl, 
and  the  voltage  drop  across  Rl  was  used  as  the 
input  of  the  Channel  C  recording  amplifier. 

Helicopter  voltage. 

Leads  G1  and  HI,  connected  respectively  to  the 
drop  line  (ground)  and  the  helicopter,  were 
used  to  short-circuit  the  aircraft  to  ground 
when  desired.  In  addition,  these  leads  were 
used  to  limit  the  maximum  aircraft  voltage 
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during  the  testing  and  to  provide  protection 
to  the  dividing  head  of  the  high-voltage 
electrometer.  Figure  11  describes  the  con¬ 
struction  of  the  high-voltage  connector  and 
shows  how  the  air  gap  between  the  terminals 
was  adjustable,  providing  c  spark  path  when 
the  aircraft  voltage  exceeded  the  dielectric 
strength  of  the  air  between  the  electrodes. 
This  device  was  found  to  bi  very  effective  and 
simple  to  operate  throughout  the  program. 

3.  Test  Probes 


Three  (3)  corona  point  lengths  were  used;  24, 

36  and  48  inches,  respectively.  Reference  Appendix  I.  The 
design  of  the  nose-,  tail-  and  engine-cowling-roounted  corona 
points  was  such  that  the  plastic  insulating  booms  were  inter¬ 
changeable.  The  design  of  the  engine  exhaust  point  is 
different  due  to  the  temperature  of  the  engine  exhaust  gases 
and  the  effect  of  the  carbon  deposits  on  the  insulation  of 
the  probe.  This  corona  point  was  designed  to  withstand  tem¬ 
peratures  up  to  1200®  Fahrenheit. 

It  should  be  noted  that  during  the  flight  test 
program,  a  very  noticeable  amount  of  exhaust  product  deposits 
was  formed  on  the  main  strut  of  the  supporting  structure  of 
the  exhaust  corona  point.  However,  the  insulation  character¬ 
istics  of  the  structure  were  not  affected  by  this  contaminating 
deposit.  A  resistance  insulation  better  than  10^1  ohms  at 
50  kilovolts  was  measured  for  this  contaminated  structure. 

4,  Test  Wire 


High  voltage  wiring  was  installed  in  the  heli¬ 
copter  airframe  to  connect  the  dischargers  with  the  corona 
points.  The  wire  used  was  nonshielded  and  was  rated  at  60 
kilovolts  DC.  The  wire  was  the  Birnbach  Radio  Co.,  Inc., 
Catalog  No.  7449.  No  failures  were  experienced  on  the  high- 
vclr.age  wiring.  However,  it  was  determined  that  a  high  level 
of  static  noise  was  generated  by  static  charge  accumulation 
and  release  in  the  external  surface  of  the  wire  insulation. 


D.  EXPERIMENTAL  PROCEDURE 


1.  Corona  Point  Performance  Measurement 

The  measurement  of  the  corona  point  performance 
was  accomplished  using  the  circuits  of  Figures  8  and  9.  No 
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Helicopter  Voltage, KV  Helicopter  Voltage, KV  Helicopter  Voltage, KV 


Time ,  seconds 


Time  ,  seconds 


rOO 

O  - 

Hi' 

H 

[- 

1  r 


]/i,  GAP 


(T) :  G1  lead  separates  from  HI  lead 


FIGURE  11: 


OPERATION  ON  AIRCRAFT 
limiter  (showing  typical  records  obtained 
at  different  gaps). 


time  records  were  obtained  for  this  measurement,  due  to  the 
steady  nature  of  all  factors  involved  in  the  test. 

The  natural  charging  current  existing  prior  to 
each  test  flight  was  measured  and  occasionally  recorded.  It 
has  been  experienced  both  in  the  present  program  as  well  as 
in  previous  experiences  (References  1  and  3)  that  the  level 
of  natural  charging  current  at  the  Edwards  Air  Force  Base  is 
in  the  order  of  2  microamperes  for  an  H-37  helicopter  hovering 
at  25  feet.  Hence,  the  reading  of  natural  charging  current 
obtained  just  prior  to  each  corona  current  measurement  may  be 
considered  constant  during  the  duration  (10-13  minutes)  of 
each  measuring  period.  Figure  12  reproduces  an  85-second 
record  of  natural  charging  current.  No  natural  charging 
current  was  read  when  the  rotor  of  the  helicopter  was  station¬ 
ary. 


The  techniques  used  in  the  testing  gave  four  ( 

microanmeter  readings  for  every  test  condition:  | 

Ip  Natural  charging  current 

1^  Total  current  on  the  high-voltage  generator 

II  Current  on  the  load  of  the  high-voltage  | 

generator  ] 

Ig  Current  between  the  helicopter  and  ground  [ 

These  symbols  are  sho%m  in  Figure  9. 


The  relationships  between  the  currents  flowing 
in  the  test  circuit  can  be  determined  by  applying  the  first 
Kirchhoff  law  to  the  points  indicated  below. 

a.  Corona  point  tip  ^cp’^dp’^R  "  ^  (2) 

b.  Point  Fig.  9  IflL-Icp  -0  (3) 

c.  Helicopter  fuselage  "In+Ig+lL‘*’^R"^  "  ® 

d.  Ground-atmosphere  ^dp'*"^n’^g  -  0  (5) 

The  results  of  the  testing  performed  in  this 
program  apd  shovm  in  Table  2  shows  that  Ig  is  negligible  when 
the  heliqopter  is  hovering. 
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Natural  Charging  Current  , 
microamperes 


figure  12:  RECORD  OF  NATURAL  CHARGING  CURRENT 
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TABLE  2 


CORONA  POINT  PERFORMANCE 
HOVERING  FLIGHT,  25  FT.  ALTITUDE 


Corona 

(See  Figures 

;  8  6.  9 

for 

Point 

Con  f ig- 

Measured 

Data 

urat ion 

Code 

In 

II-  -KV 

It 

LE2 

-E2 

-25 

-  7 

-35 

-E2 

-30 

-  8.5 

- 

-E2 

-40 

-17 

-60 

-»-2 

-50 

-21.5 

- 

+  2 

-60 

-27 

- 

RE2 

-F2 

-30 

-  9.5 

• 

+  2 
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+  2 
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-*■2 
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-23 

- 

RE3 
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- 

4-2 

-60 

-21.5 

- 

LE4 
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-24 

-  5 

-31 

+  2 

-30 

-  6 

- 

-E2 

-50 

-15 

- 

4-2 

-60 

-17 

- 

RE4 

4-2 

-30 

-  6 

4-2 

-50 

-15 

- 

4-2 

-60 

-18 

- 

LT2 

4-2 

-30 

-  6 

4-2 

-50 

'  16 

- 

4-2 

-60 

-21 

- 

Not  at  ion ; Current  in  Microamperes) 

Derived  Data 


p- 

^dp- 

Ir- 

h-lL 

It'Ein*  Ig” 

1l 

Eq.  O) 

Eq. (5) 

Eq .  (  2 )  or 

(4) 

-10 

-  9 

-  1 

- 

-10.5 

- 

-20 

-19 

-  I 

- 

-23.  5 
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-29 

- 

_ 

-11.5 

- 

- 
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- 
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TABLh  2  (C(^NTINIIKD) 


Co  rona 

(Se 

e  Figures 

8  & 

9  for 

Not  a  t  ion , 

Cur re  nt 

i  n  M  i 

c  roaiiipo  rvs  ) 

Point 

Conf ig- 

Measured 

Da  t  a 

Dt 

•  r  i  veci 

Data 

urat ion 

V. 

Code 

Il--kv 

L, 

It 

Ic  p« 
it-ii. 

Ir-  t 

It  +  Ip-  Ig-  If 

Lq . ( 3 ) 

Hq .  ( 5 ) 

1  q 

(2)  or  (4) 

RT2 

+  2 
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-  9 
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- 1 1 
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-50 

-  7 

- 
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- 
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- 

LT3 
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-  6 

-  30 
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-  8 

0 
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-  7 

- 

- 

-  9 

- 

4-2 

-50 

-  14 

- 

- 

-  16 

- 

+  2 
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RT3 
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-  7 

1 

4-2 

-30 

-  8 

- 

- 

-  10 

- 

4-2 

-50 

-18 

- 

- 

-20 

- 

4-2 

-60 

-23 

- 

- 

-25 

- 

LT4 

4-2 

-26 

-  7 

-  j7 

-  1 1 

-  9 
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-40 

-  15 
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-  18 

-  17 
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- 

- 
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- 

4-2 

-60 

-20 

- 

- 

-22 

- 

RT4 

4-2 

-26 

-  5 

-  33 

-  7 

-  7 

0 

4-2 

-30 

-  8 

- 

- 

-  10 

- 

4-2 

-40 

-  13 

-55 

-  15 

-  15 

0 

4-2 

-50 

-  15 

- 

-  17 

- 

4-2 

-60 

-22 

- 

- 

-24 

- 

LN4 

4-2 

-26 

0 

-28 

-  2 

-  2 

0 

RN4 

4-2 

-26 

0 

-28 

-  2 

-  2 

0 

LC4 

4-2 

-26 

-  1 

-29 

-  3 

-  3 

0 

4-2 

-30 

-  2 

- 

- 

-  4 

- 

4-2 

-50 

-  5 

- 

- 

-  7 

- 

RC4 

4-2 

-26 

-  1 

-29 

-  3 

-  3 

0 
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The  operating  voltage  of  the  Ke  1  Let t -bui It  < 

generator  was  measured  by  using  the  load  current  reading  II- 
The  load  resistance  was  a  lO^-ohms  precision  (2Z)  resistor. 

Hence,  the  voltage-to-current  ratio  in  this  load  was  one 
kilovolt  per  microampere.  In  this  manner,  the  voltage  in 
kilovolts  on  the  generator  was  equal  to  the  load  current, 
expressed  in  microamperes. 

2 ,  Dynamic  Neutralizer  Performance  Measurements 

The  measurement  of  the  perforniance  of  the 
dynamic  neutralizer  static  electricity  discharger  was  made, 
as  explained  previously,  by  measuring  and  recording  the 
voltage  to  ground  of  the  test  aircraft  with  and  without  the 
unit  In  operation.  An  air  gap  voltage  limiter  (Figure  11) 
protected  the  voltmeter  Input  circuit  from  voltages  exceeding 
its  maximum  rated  value.  Simultaneously,  with  the  aircraft 
voltage,  the  differential  current  flowing  through  the  dis¬ 
charging  unit  was  also  rec'^rded.  This  record  was  made  in 
order  to  provide  a  redundant  check  of  the  operation  of  the 
instrumentation,  because  the  differential  current  must  be 
equal  to  the  natural  charging  current  (recorded  prior  to 
each  dynamic  neutralizer  test  run)  once  the  aircraft  voltage 
reaches  a  steady  state  value. 

Figure  13  shows  a  typical  record  of  the  per¬ 
formance  of  the  dynamic  neutralizer.  As  Indlcateu  In  the 
record,  the  aircraft  was  first  grounded  by  connecting  the 
terminals,  G1  and  HI  (see  electrical  diagram  in  Figure  11). 

This,  together  with  the  closing  of  the  switch,  SI,  protected 
the  microammeter ,  Ml,  and  amplifier  Input  circuits  against 
the  high-voltage  transient  originated  at  the  instant  at 
which  the  drop  line  touched  the  ground  terget. 

The  natural  charging  current  was  first  recorded 
f  obtaining  records  as  shown  In  Figure  12.  Then  the  aircraft 

^  was  grounded  again  by  Joining  the  connectors,  G1  to  HI,  the 

\  DIF-NC  switch  was  turned  to  DIF,  and  the  dynamic  neutralizer 

1  was  left  OFF  for  some  time  after  the  restart  of  the  recorder. 

I  Under  these  conditions  (grounded  aircraft  and  discharger  OFF), 

'  the  zero  of  the  two  channels,  C  and  D,  was  clearly  established 

on  the  records.  Then,  with  the  discharger  still  OFF,  the  alr- 
j  craft  was  ungrounded  by  opening  G1  from  HI.  As  shown  in  the 

sample  record  (Figure  13),  the  aircraft  voltage  started  rising 
lamed  late  ly ,  until  a  value  determined  by  the  Gl-Hl  air  gap 
dielectric  strength.  At  this  value,  a  spark  was  produced  in 

I 
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Helicopter  Vi.'l*a3e  K '«  Jif tere-it la  ^urrer'f 


FIGURE  13:  RECORD  OF  DYNAMIC  NEUTRALIZER  OPERATION 
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the  gap,  and  a  major  portion  of  the  aircraft  accunru La tet^ 
charge  was  released  to  ground  through  the  spark,  bringing 
the  aircraft  voltage  down  to  a  few  thousand  volts.  After 
experiencing  several  sparks,  the  dynamic  neutralizer  was 
turned  ON.  Now  the  aircraft  voltage  rose  more  slowly,  and 
an  equilibrium  voltage  was  reached  after  a  number  of  seconds. 
At  the  same  time,  Channel  C  recorded  the  differential  current 
flowing  through  the  unit.  This  differential  current  was  sub¬ 
stantially  equal  to  the  natural  charging  current  recorded  in 
the  first  part  of  the  test. 

In  addition  to  these  records,  readings  were 
made  both  in  the  natural  charging  -  differential  current 
microamneter  and  in  the  high-voltage  electrometer.  In  some 
tests,  and  due  to  operational  problems,  time  records  v’ere 
omitted  and  only  microarnneter  readings  were  recorded.  It 
should  be  noted  that  excellent  agreement  was  found  between 
oscillograph  records  and  the  microanmeter  readings  made 
throughout  the  test  program. 


E.  EVALUATION  OF  THE  TEST  DATA 


I.  Data  Presentation 


Tables  2  through  5  and  Figures  14  through  19 
present  the  results  of  the  measurements  performed  during  this 
test  program.  In  order  to  identify  the  corona  point  con¬ 
figuration  used  in  each  test,  a  coded  designation  has  been 
assigned  to  each  configuration.  The  code  consists  of  two 
letters  and  a  digit.  The  following  chart  explains  the  code. 

Configuration  Code  -  EXAMPLE 


First  Letter 


R.  Right  Hand 
Side  Probe 
(aircraft 
starboard) 

L.  Left  Hand 
Side  Probe 
(aircraft 
port) 


E  Exhaust  Probe 
C  Cowling  Probe 
N  Nose  Probe 


_ Di&iS _ 

4.  4'  long  corona  point 

3.  3'  long  corona  point 

2.  2'  long  corona  point 

Refer  to  Appendix  I  to 

detailed  drawings  of 
corona  point  probes. 
Refer  to  Figure  3  to 
obtain  detailed  loca¬ 
tions  of  probes. 
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TABLF.  3 


Corona 

Po  int 

CORONA 

POINT 

RAMP 

PERFORMANCE  MEASCREMENTo 

TESTS  (In  -  0) 

See  Figure  S  for  Symbols 

Current  in  Microamperes 

Config¬ 

Measured  Data 

Derived 

Data 

uration 

Code 

Il^-KV 

^g“^dp 

Eq. (5) 

It 

^cp  ^R 

-It-lL  -I 
Eq.(3)  Eq 

t-lL-lg 

.  (4) 

RT3 

2b 

.8 

30 

4 

3.2 

Wind  approximately 

LT3 

2b 

1 

30 

4 

3 

20  knots  from 

RN4 

2b 

.4 

30 

4 

3.6 

45*  relative 

LN% 

2b 

1.5 

31 

5 

3.5 

bearing. 

RC4 

2b 

1.8 

31 

5 

3.2 

LC4 

26 

3 

31 

5 

2 

LE^ 

26 

.8 

30 

4 

3.8 

RT4 

25 

3.5 

30 

5 

1.5 

RT4 

40 

4.5 

48 

8 

3.5 

Wind  approximately 

RT4 

46 

5 

• 

12  to  20  knots, 

LT4 

26 

2.5 

31 

5 

2.5 

10*  relative 

LT4 

40 

4 

48 

8 

4 

bearing. 

LT4 

47 

5 

- 

- 

- 

LE2 

25 

1.7 

30 

5 

3.3 

LE2 

40 

4.5 

48 

8 

3.5 

LE2 

46 

5 

• 

33 


TABLE  4 


CORONA  POINT  PERFORMANCE  MEASUREMENTS 
MEASUREMENTS  INSIDE  THE  HANGAR 


AT  ZERO  AIR  SPEED 
(In  -  0) 


Corona  Point  See 

Configuration  Curr 

Code  IL"KV 

RT3  -J-ZS 

LT3  -25 

RN4  -25 

LN4  -*-25 

LC4  +25 

LC4  +10 

LC4  +20 

LC4  +26 


Portable,  Conf.  A  +26 
(See  below) 

Portable,  Conf.  B  +26 
(See  below) 

Portable,  Conf.  C  +26 


igure  9  for  Symbols 
nt  in  Microamperes 

+  .5 
-  .5 
-1 
+  1 
+  1 

Not  readable 
+  .25 
+  1.5 
+  1 

Not  readable 

+6 
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TABLE  5 


DYNAMIC  NEITTRALIZER  PERFORMANCE  MEASUREMENTS 


Date 

Probe 

Code 

Natura 1 
Charge , 
Microamperes 

5/11/62 

T3 

4-5 

^ni  1^1 

T4 

4-5 

bill Ibl 

T4 

4-5 

5/18/62 

T4 

4 

5/18/62 

T4 

4 

5/25/b2 

T4 

2 

bllbibl 

T4 

2 

bllbibl 

E-2 

2 

bllbibl 

E-: 

2 

bllbibl 

T3 

2 

^llblbl 

T3 

2 

bllbibl 

E-3 

2 

bilbibl 

E-3 

2 

bllbibl 

T2 

3 

b  rib  !  bl 

T2 

3 

bllbibl 

E-4 

3 

bllbibl 

E--k 

3 

Generator 

He licopter 

Voltage , 

Voltage , 

Kilovolt  s 

Kilovolts 

t40 

10 

t40 

8-'.0 

Kellett 

t46 

6-10 

Unit 

-40, +44 

5-7 

-22, +26 

6.5-9 

50 

+5 

60 

+3 

50 

+4, +6 

60 

+7, +10 

Spellman 

50 

+6 ,+6 . 5 

NJE 

60 

+3. 5, +4 

Comb  in a- 

50 

t5 

t  ion 

60 

+3, +3. 2 

50 

+8 ,+10 

60 

+5,-3 

50 

1 

+6 , +6 , 5 

60 

+3, +4  1 

3  5 


FIGURE  lA:  CORONA  POINT  PERFORMANCE,  EXHAUST  CORONA  POINTS 


3b 


1. 


Readings  at  JJ,  bJ,  and  oJ  KV  LaKCMi  in  same 
1  light-.  Observe  tne  con^isLenL  RT  LT . 
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2.  No  consistency  on  the  beiiavior  ot  4,  3,  and 
2  points. 


FIGURE  15:  CORONA  POINT  PERFORMANCE,  TAIL,  NOSE  AND  COWL 
CORONA  POINTS 
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FIGURE  16:  CORONA  POINT  PERFORMANCE  V3.  AIR  SPEED  CORRECTED  CURVE 


Corona  Point  Voltage  20  kilovolts 


CORONA  POINT  LENGTH  , (feet  ) 


FIGURE  17:  DYNAMIC  NEUTRALIZER  PERFOR.MANCE , 
TAIL  AND  EXHAUST  CORONA  POINTS 
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FIGURE  18:  DYNAMIC  NEUTRALIZER  PERFORMANCE,  GENERATOR 
VOLTAGE  VS.  HELICOPTER  VOLTAGE  PLOT 
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OUTPUT  VOLTAGE  (kilovolts) 


INPUT  VOLTAGE  (kilovolts) 


FIGURE  19:  DYNAMIC  NEUTRALIZER  VOLTAGE  OUTPUT  VS.  VOLTAGE 
INPUT 
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2.  Corona  Point  Performance 


Table  2  shows  the  results  of  the  corona  point 
performs  ce  measurements  in  hovering  flight  at  23  feet.  At, 
seen  fro.n  Table  2,  the  natural  charging  current  was  2  micro¬ 
amperes  during  all  tests.  The  load  current,  II,  was  varied 
up  to  an  equivalent  generator  voltage  of  60  kilovolts  and 
readings  were  made,  for  the  various  corona  point  configura¬ 
tions,  of  the  he licopter- to-ground  current,  Ig,  and  the  total 
generator  current,  1^,  The  derived  corona  point  discharging 
current,  Idp»  data  is  plotted  for  the  exhaust  probes  in 
Figure  14  and  for  the  tail-mounted  probes  in  Figure  13.  Some 
data  have  also  been  obtained  with  the  corona  points  mounted 
on  the  nose  and  cowling,  and  these  data  are  also  shown  on 
Figure  15.  As  noted,  the  performance  of  the  nose-  and  cowl- 
mounted  probes  was  greatly  inferior  to  that  of  the  other  probes; 
hence,  the  major  part  of  the  testing  was  concerned  with  the 
tail  and  exhaust  probes.  The  limited  performance  of  the  nose 
and  cowl  probes  is  attributed  to  the  lower  air  speed  at  these 
locat ion  s . 

The  data  shown  in  Figure  13  also  indicate  that 
the  performance  of  the  tail-mounted  probes  is  not  affected  in 
a  consistent  manner  by  the  probe  length.  On  the  other  hand, 
as  seen  in  Figure  14,  the  performance  of  the  exhaust  probes 
is  clearly  affected  by  probe  length.  The  performance  of  all 
probes  tested  increases  almost  linearly  with  generator  voltage. 
The  effect  of  air  speed  is  clearly  shown  in  Figure  14  since 
an  increase  of  corona  point  length  implies  a  decrease  of  the 
exhaust  gas  speed  due  to  the  stream  expansion. 

The  corona  point  that  resulted  in  the  highest 
performance  is  the  2-foot-long  exhaust-  mounted  point.  For 
this  point,  a  current  of  29  microamperes  at  60  kilovolts  was 
recorded . 


Table  3  presents  the  corona  point  performance 
data  obtained  for  the  tests  on  the  ramp,  and  Table  4  presents 
the  data  obtained  in  the  hangar.  These  tests  indicated  that 
the  data  presented  in  Figure  13  of  Reference  1  are  incorrect 
in  the  low  speed  range.  The  corrected  variation  of  corona 
point  performance  with  air  speed  is  presented  in  Figure  16. 

It  is  noted  that  the  corona  point  current  is  practically 
zero  for  zero  air  speed. 

It  may  be  noted  from  Table  3  that  the  current 
output  of  geometrically  symmetric  probes  is  not  identical  for 
the  tests  performed  on  the  ramp.  In  particular,  it  is  seen 
from  the  data  that  the  current  flowing  from  the  probes  mounted 
on  the  port  side  of  the  aircraft  exceeds  that  flowing  from 
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the  probes  mounted  on  the  starboard  side.  The  explanation 
for  this  phenomenon  is  concerned  with  the  relative  wind. 

The  tests  were  performed  with  the  wind  flowing  from  the 
front  to  starboard  siae  of  the  helicopter.  The  resulting 
air  flow  entrains  charged  particles  emerging  from  the  probes. 
Because  of  geometric  considerations,  it  appears,  therefore, 
that  some  of  these  particles  emerging  from  the  right  probe 
are  blown  toward  the  helicopter  skin  and  hence  recaptures 
by  the  aircraft.  On  the  other  hand,  the  air  flow  assists 
the  charged  particles  emerging  from  the  left  probes  to 
escape  from  the  helicopter.  As  explained  previously,  the 
net  discharging  current  of  an  active  corona  point  is  the 
difference  between  the  current  flowing  from  the  probe  and 
the  current  recaptured  by  the  helicopter.  For  these  tests 
the  rotor  blades  were  stationary  and  the  engine  was  stopped. 
Hence,  no  natural  charging  current  was  generated.  As  such, 
the  difference  of  performance  of  the  two  probes  is  a  direct 
indication  of  the  importance  of  the  probe  location  and  the 
air  flow  relative  to  the  aircraft. 

It  is  of  interest  in  this  instance  to  examine 
the  probe  performance  data  in  the  hovering  flight  tests,  pre¬ 
sented  in  Table  2  and  Figures  14  and  15.  It  may  be  noted, 
that  there  is  no  consistency  in  the  difference  of  performance 
between  the  left  and  right  probes  located  in  the  exhaust  or 
on  the  fuselage  tail.  An  explanation  for  this  behavior  is 
obtained  again  by  considering  the  local  air  flow.  In  the 
hovering  flight  condition,  the  remote  wind  is  only  a  small 
part  of  the  resultant  air  flow.  In  fact,  the  rotor  downwash 
for  the  tail  probes  and  the  exhaust  velocity  for  the  exhaust 
probes  are  the  determining  factors  in  the  performance  of  the 
probes,  -^-he  unsteady  nature  of  these  velocities  accounts  for 
the  variation  of  the  test  data. 

Another  item  of  interest  concerns  the  magnitude 
of  the  current  that  is  recaptured  by  the  aircraft  after  being 
emitted  from  the  corona  points,  Ir  .  The  corona  point  per¬ 
formance  data  obtained  with  a  hovering  helicopter,  as  shown  in 
Table  2,  indicate  that  almost  all  of  the  current  flowing  through 
the  corona  point  is  blown  into  the  atmosphere.  This  is  sub¬ 
stantiated  by  the  low  value  attained  by  Ir  through  Table  2. 
However,  in  the  ramp  measurements  listed  in  Table  3,  it  can 
be  seen  that  the  current  returning  to  the  aircraft,  Ir, 
accounts  for  the  larger  part  of  the  total  current,  Icp, 
flowing  through  the  corona  points. 
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3 .  Dynamic  Neutralizer  Performance 

Table  5  gives  the  results  of  the  measurements  of 
the  dynamic  neutralizer  performance  in  a  chronological  order. 

The  performance  of  the  dynamic  neutralizer  using 
exhaust  and  tail  corona  points  is  shown  in  Figure  17  as  a 
plot  of  the  helicopter  voltage  against  the  corona  point  length, 
using  as  fixed  parameters  the  generator  voltage  and  the  corona 
point  configuration.  Figure  17  includes  three  extrapolated 
points  which  will  be  discussed  subsequently. 

Figure  18  is  a  different  presentation  of  the 
data  of  Table  5,  where  the  helicopter  voltage  is  plotted 
against  the  generator  voltage,  using  the  corona  point  con¬ 
figuration  as  constant  parameter.  In  addition,  the  points 
extrapolated  in  Figure  17  have  also  been  presented  in  Figure 
18,  A  further  extrapolation  has  been  performed  up  to  a  gen¬ 
erator  voltage  of  80  kilovolts. 

Figure  19  is  a  plot  of  the  dynamic  neutralizer 
voltage  output  versus  voltage  input  for  two  different  feedback 
resistance  values.  The  data  in  Figure  19  were  obtained  during 
the  laboratory  testing  of  the  unit.  This  figure  is  included 
herein  to  provide  data  concerning  the  power  requirements  of 
an  eventual  operational  dynamic  neutralizer  electrostatic  dis¬ 
charging  system. 

An  evaluation  of  these  test  data  on  the  perfor¬ 
mance  of  the  dynamic  neutralizer  shows: 

a.  The  dynamic  neutralizer  within  the  range  of 
generator  voltage  (0-60  kilovolts)  and  probe  size  (2  to  4  feet) 
used  in  the  present  program  reduces  the  electrostatic  energy 

of  the  H-37  aircraft  down  to  a  minimum  value  of  3,4  millijoules 
under  the  natural  charging  conditions  prevailing  at  Edwards 
Air  Force  Base  (2-4  microamperes).  This  value  is  larger 
than  the  maximum  energy  level  considered  satisfactory  accord¬ 
ing  to  References  1  and  3. 

b.  The  performance  of  the  dynamic  neutralizer 
depends  on  three  different  factors: 

(1)  The  operating  voltage 

(2)  The  air  speed  at  the  corona  point 

(3)  The  probe  geometry  and  its  location 
relative  to  the  aircraft  geometry. 
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This  conclusion  agrees  with  the  theory  and  with  the  iindingb 
reported  in  Kefcrence  1. 

c.  As  seen  from  f'igure  17,  the  system  per¬ 
formance,  using  tail-mounted  corona  points,  improves  steadily 
when  the  corona  points  are  placed  at  greater  distances  from 
the  helicopter  skin.  It  is  also  noted  that  this  trend  is 
different  for  the  exhaust -mounted  probes. 

This  fact  may  be  explained  by  noting  that, 
with  the  tail  corona  points,  the  air  speed  does  not  change 
appreciably  as  a  function  of  the  length  of  the  probe.  Hence, 
the  only  factor  which  determines  performance  changes  is  the 
smaller  influence  of  the  aircraft  field  on  the  longest  corona 
point,  which  results  in  larger  differential  currents  between 
the  positive  and  negative  corona  points. 

On  the  contrary,  in  the  exhaust  installation, 
the  increased  separation  is  overcompensated  by  the  decrease 
in  air  speed  due  to  the  exhaust  gas  stream  expansion.  This 
explains  why  the  exhaust  configuration  possesses  an  optimum 
performance  for  a  probe  of  about  3-foot  length. 

d.  An  extrapolation  is  carried  out  to  determine 
the  possible  performance  of  the  dynamic  neutralizer  under 
higher  voltages  and  with  longer  probes.  Referring  lirst  to 
Figure  17,  the  points  PI  and  P2  are  obtained  extrapolating 
the  probe  length  up  to  5  feet.  Next,  PI  and  P2  are  trans¬ 
ferred  to  Figure  18.  Extrapolating  now  further  the  curve 

T5  so  obtained,  up  to  an  operating  voltage  of  80  kilovolts, 
it  is  estimated  that  an  80-kilovolt  system,  using  5-foot-long 
corona  points,  would  reduce  the  helicopter  voltage  to  a  value 
below  1  kilovolt.  This  voltage  corresponds  to  an  energy  level 
of  0.375  millijoule,  which  falls  within  the  limit  of  satisfac¬ 
tory  operation.  It  should  be  noted,  however,  that  these  data 
were  obtained  for  the  range  of  natural  charging  current  exist¬ 
ing  at  the  test  site. 

e.  The  effect  of  the  natural  charging  current 
on  the  sensitivity  of  the  dynamic  neutralizer  has  not  been 
investigated  in  the  present  program.  Natural  charging  current 
levels  ranging  from  2  to  5  microamperes  were  encountered  and 
recorded  as  shown  in  Table  5.  However,  the  data  obtained  do 
not  lend  themselves  to  determining  the  effect  of  the  magnitude 
of  natural  charging  current  on  the  performance  of  the  dynamic 
neutralizer.  This  fact  may  be  explained  as  being  due  to  the 
relatively  small  magnitude  of  all  natural  charging  currents 
recorded  in  relation  with  the  corona  point  current  obtained 
during  the  testing. 
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is  attributH  ti  the  *5'  natural  charging  current 

that  exist  lor  au^h  lie  If???  5*  f"**  ?"•*  recifculation 
lat  tor  such  low  altitude  hovering  flight  conditions. 

■ay  ba  used  to^det»mine"rhI^  neutrallxer  discharging  system 
copter  S  raadlnriS^fff??^”**;'*u°*  voltage  In  the'hell- 
thiough  the  Sosltlie  «="rents  flowing 

tSD'lirdllfSTOtUl  cSlrSj’'e“*r®^**^*'^*"  •I'craft, 
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